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Two-Station Comparison of Peak Flows to Improve Flood-Frequency Estimates for Seven StreamflowGaging Stations in the Salmon and Clearwater River Basins, Central Idaho
By Charles Berenbrock
Abstract
Improved flood-frequency estimates for shortterm (10 or fewer years of record) streamflowgaging stations were needed to support instream flow studies by the U.S. Forest Service, which are focused on quantifying water rights necessary to maintain or restore productive fish habitat. Because peak-flow data for short-term gaging stations can be biased by having been collected during an unusually wet, dry, or otherwise unrepresentative period of record, the data may not represent the full range of potential floods at a site. To test whether peak-flow estimates for short-term gaging stations could be improved, the two-station comparison method was used to adjust the logarithmic mean and logarithmic standard deviation of peak flows for seven short-term gaging stations in the Salmon and Clearwater River Basins, central Idaho.
Correlation coefficients determined from regression of peak flows for paired short-term and long-term (more than 10 years of record) gaging stations over a concurrent period of record indicated that the mean and standard deviation of peak flows for all short-term gaging stations would be improved. Flood-frequency estimates for seven short-term gaging stations were determined using the adjusted mean and standard deviation. The original (unadjusted) flood-frequency estimates for three of the seven short-term gaging stations differed from the adjusted estimates by less than 10 percent, probably because the data were collected during periods representing the full range of peak flows. Unadjusted flood-frequency estimates for four short-term gaging stations differed from the adjusted estimates by more than 10 percent; unadjusted estimates for Little Slate Creek and Salmon River near Obsidian differed from adjusted estimates by nearly 30 percent. These large differences probably are attributable to unrepresentative periods of peak-flow data collection.
INTRODUCTION
Introduction.
The State of Idaho has initiated an adjudication of all water rights in the Snake River Basin, including the Salmon and Clearwater River Basins. To protect its interest, the Federal Government is attempting to establish and quantify the State appropriative and Federal reserved water rights held by the United States on its own behalf and as a trustee for the American public. Some water rights claims in the Snake River Basin have been settled; however, the claims in the Salmon and Clearwater River Basins have yet to be resolved.
For the past several years, the Boise Adjudication Team of the U.S. Forest Service (USFS) has been focusing on the quantification of water rights necessary to maintain or restore productive fish habitat. Hundreds of streams within the Salmon and Clearwater River Basins either are, or historically have been, capable of providing habitat for large populations of resident and anadromous fish species. The USFS has made water rights claims designed to protect these fish species by ensuring adequate instream flows. These claims are part of the adjudication of the Snake River Basin by the State of Idaho. The upper limit of the USFS claim is the 25-year, or 4-percent probability, flood as defined by the Organic Act for channel maintenance of fish habitat. The 4-percent probability flood has a 1-in-25 chance of occurring in any given year and has a recurrence interval of 25 years. Similarly, a 1-percent probability flood has a 1-in-100 chance of occurring in any given year and has a recurrence interval of 100 years.
In 2000, the USFS entered into a cooperative agreement with the U.S. Geological Survey (USGS) to provide flood-frequency analyses in support of the instream flow studies. Three steps were planned: (1) Estimate flood frequency and magnitude for 13 streamflow-gaging stations in the Salmon and Clearwater River Basins (completed in 2000); (2) improve flood-frequency estimates for 7 short-term gaging stations in the Salmon and Clearwater River Basins by applying the two-station comparison method (described in this report); and (3) develop equations for estimating monthly streamflow exceedances at 80-, 50-, and 20-year recurrence intervals for ungaged sites statewide on the basis of relations between streamflow and various basin and climatic variables (published in a report by Hortness and Berenbrock, 2001 ).
Purpose and Scope
The purpose of this report is to describe the application and results of the two-station comparison method used to adjust the logarithmic mean and logarithmic standard deviation of peak flows for selected gaging stations in the Salmon and Clearwater River Basins. The objective of this study was to improve flood-frequency estimates for short-term gaging stations by comparing peak-flow data for short-term gaging stations to data for nearby long-term gaging stations and making inferences about the total population of peak flows at the short-term station.
Description of Study Area
The Salmon and Clearwater River Basins are located in central Idaho ( fig. 1 ) and encompass an area of about 23,700 mi 2 . The area includes parts of seven national forests, one national recreation area, four wilderness areas, and five designated wild and scenic rivers. Combined, the four wilderness areas compose more than 6,000 mi 2 , or about 25 percent of the Salmon and Clearwater River Basins.
The Salmon River is 425 mi long and drains an area of about 14,000 mi 2 . The Salmon River Basin comprises about 7,600 mi of streams. Principal tributaries are the East Fork Salmon, Pahsimeroi, Lemhi, North Fork Salmon, Middle Fork Salmon, South Fork Salmon, and Little Salmon Rivers ( fig. 1) . The mean annual streamflow of the Salmon River at the USGS gaging station nearest the mouth (Salmon River at White Bird, 13317000) is 13,600 ft 3 /s; the 100-year recurrence interval flood is 130,000 ft 3 /s, and the 25-year recurrence interval flood is 111,000 ft 3 /s. The drainage area of the basin upstream from the Salmon River at White Bird gaging station is 13,550 mi 2 , or 97 percent of the entire basin area.
The Clearwater River is about 175 mi long and drains an area of about 9,700 mi 2 . The Clearwater River Basin comprises about 5,300 mi of streams. Principal tributaries are the North Fork, South Fork, and Middle Fork Clearwater Rivers and the Lochsa and Selway Rivers, the confluence of which forms the Middle Fork Clearwater River. The mean annual streamflow of the Clearwater River at the USGS gaging station nearest the mouth (Clearwater River at Spalding, 13342500) is 15,400 ft 3 /s; the 100-year recurrence interval flood is 168,000 ft 3 /s, and the 25-year recurrence interval flood is 141,000 ft 3 /s. The drainage area of the basin upstream from the Clearwater River at Spalding gaging station is 9,570 mi 2 , or 99 percent of the entire basin area.
METHOD
Method.
Because peak-flow data for a short-term (10 or fewer years of record) gaging station may have been collected during an unusually dry, wet, or otherwise unrepresentative period, the data may not represent the full range of potential floods at the site. The twostation comparison method is a way to adjust the logarithmic mean and standard deviation of peak flows for a short-term gaging station by regression with peak flows for a long-term (more than 10 years of record) gaging station over a concurrent period, that is, a number of years when peak flows were concurrently recorded at both gaging stations. The regression equation and the long-term logarithmic mean and standard deviation can be used to adjust the short-term statistics. If the correlation is high enough, the adjustment based on the longer, more representative, record may reduce the possibility of bias as a result of unrepresentative peak-flow data at the short-term gaging station. A detailed description of the procedure for using the two-station comparison method is provided in attachment B, back of report (appendix 7 of Bulletin 17B, published by the Interagency Advisory Committee on Water Data, 1982) . A flow diagram outlining the procedure is shown in figure 2 , and a brief description is provided in the following paragraphs. All equations and tables referenced in the following paragraphs are from Bulletin 17B.
The basis of this method is the comparison of the variances of the estimated short-term statistics (logarithmic mean and standard deviation) with the variances of the corresponding adjusted statistics. The estimates with the smaller variances are the better estimates and are the ones that should be used in the floodfrequency curve. The procedure is as follows: First, the slope of the regression line, b, and the correlation coefficient, r, are calculated from logarithmic peakflow data for a concurrent period of record for paired short-term and long-term gaging stations. Next, the calculated r value is compared with the minimum r value (r min ), which is calculated from equation 7-4 or obtained from table 7-1 using the "Mean" column. If r <r min , then the variance of the adjusted mean will be greater than the short-term mean (from equation 7-3). The unadjusted short-term mean is used as the estimated mean in flood-frequency calculations, and the procedure continues to the second step (standard deviation). If r > rmin , then adjustment to the mean may be worthwhile and the procedure continues by calculating the variance of the adjusted mean [Var(Y)] and the variance of the unadjusted short-term mean [Var(Y 3 )]. The mean with the smaller variance is used as the estimated mean in subsequent flood-frequency calculations.
After the adjusted mean calculations are completed, the number of equivalent years of peak-flow data of the adjusted mean (N e ) is calculated. N e is based on the variance of the mean and is inversely proportional to the length of record for the short-term gaging station. If r = 1 (perfect correlation), then N e is equal to the length of record for the long-term gaging station (N e = N long-term ). If r <r min , then N e is less than or equal to the length of the concurrent record period. N e is used in computing the confidence limits and expected probability adjustment. For this study, N e was not needed in any subsequent calculations but still was computed.
A second step is done to determine whether the logarithmic standard deviation of peak flow might be improved by a similar procedure. Compare r (previously calculated) with r min from equation 7-9 or table 7-1 using the "Standard deviation" column. If r <r min , then the variance of the adjusted standard deviation will be greater than the short-term standard deviation (from equation 7-8). The unadjusted short-term standard deviation is used as the estimated standard deviation in flood-frequency calculations. If r >r min , adjustment to the standard deviation may be worthwhile and the procedure continues by calculating the variance of the adjusted variance (square of the standard deviation) [Var(Sy 2 )] and variance of the unadjusted variance [Var(Sy 3
2 )] for the short-term gaging station for the entire period of record. The smaller of the two variances is used as the estimated standard deviation in subsequent flood-frequency calculations.
The assumption made when using this procedure is that the logarithmic peak-flow data for the short-term and long-term gaging stations have a joint normal probability distribution. This distribution has a skewness of 0. If this assumption is not valid, then the equations used in this procedure (Interagency Advisory Committee on Water Data, appendix 7, 1982) will not be exact and discretion will be needed in application of the results. Also, the precision of r depends on the number of years of concurrent peak-flow data for the short-term and long-term gaging stations (N 1 ). The Interagency Advisory Committee on Water Data (1982) recommends that the concurrent period be at least 10 years.
RESULTS OF TWO-STATION COMPARISON
Results of Two-Station Comparison.
Seven short-term gaging stations ( fig.1 ) were analyzed by the two-station comparison method for potential improvement of flood-frequency estimates. In an earlier analysis of flow duration and flood frequency in the Salmon and Clearwater River Basins (Kjelstrom, 1998) , six hydrologic regions were delineated. For the present study, each of the seven short-term gaging stations was paired with a long-term gaging station in one of the same regions as delineated by Kjelstrom (1998) .
Short-term and long-term gaging stations were paired to be consistent with pairings used in an earlier USFS flood-frequency analysis (Jack King, USFS, written commun., 2000). The one exception for the present study was the pairing of the Valley Creek at Stanley gaging station (13295000) with the Salmon River near Obsidian gaging station (13292500). The long-term Valley Creek gaging station, instead of the Salmon River below Yankee Fork near Clayton gaging station (13296500), was paired with the short-term Obsidian gaging station for the following reasons: (1) Valley Creek peak-flow data are more strongly correlated (r) with Obsidian data than with Yankee Fork data, (2) the variance of the standard deviation for Valley Creek is lower than that for Yankee Fork, (3) the drainage area of Valley Creek is more similar to that of Obsidian than to that of Yankee Fork, and (4) the equivalent years of record for the mean are greater for Valley Creek than for Yankee Fork. The paired short-term and long-term gaging stations and the associated periods of record of annual peak-flow data are shown in table 1.
The procedure outlined in the "Method" section and shown on figure 2 was used to determine whether adjustments to the logarithmic mean and logarithmic standard deviation were needed and, if so, to perform the adjustment calculations. Calculations for one pair of gaging stations-long-term Little Salmon River at Riggins (13316500) and short-term Little Slate Creek -are shown in attachment A (back of report). Calculations for the other six paired gaging stations were performed in a similar manner. The correlations between annual peak flows for seven paired short-term and long-term gaging stations are shown in figure 3. An r value (correlation coefficient) is shown in the upper left-hand corner of the graph for each pair of stations. The correlation coefficient is a measure of strength of the linear relation between two variables (Zar, 1998 ). An r value of 0 indicates that there is no linear association between the two variables, whereas an r value of 1 or -1 indicates a strong linear association. The correlation coefficient of annual peak flows for the short-term South Fork Red River gaging station with those for the long-term South Fork Clearwater 1911-13, 1921-72, 1974, 1993-2001 Regional skew coefficients, obtained from maps in a report by Kjelstrom and Moffatt (1981) , were used to calculate a weighted skew coefficient for each of the seven short-term gaging stations. These weighted skew coefficients then were used to obtain values for the standardized variate, K (Interagency Advisory Committee on Water Data, appendix 3, 1982), for selected exceedance probabilities (attachment A). Using these K values and the final estimates of the logarithmic mean and logarithmic standard deviations, adjusted flood-frequency estimates at a range of recurrence intervals and associated exceedance probabilities for each of the seven short-term gaging stations were calculated (table 2) period of record (72 years) and concurrent period of record (11 years) are shown in figure 4. Despite the fact that the frequency curve for the concurrent period lacks 61 years of peak-flow data, the two long-term frequency curves are quite similar. The frequency curve for the concurrent period is representative of the full range of peak flows, as indicated by figure 4. Therefore, changes to the unadjusted short-term floodfrequency curve for the Middle Fork Salmon River [ 36 ] also will be small. Differences between the unadjusted and adjusted flood-frequency estimates for Middle Fork Salmon River (short term) ranged from 2.5 percent to 12.7 percent and averaged 6.4 percent ( figure 4 . Differences between the two floodfrequency curves (entire period of record and concurrent period of record) for the long-term station are quite large. In general, these large differences probably are attributable to the concurrent long-term data set having a predominance of lower peak flows (dry periods). Eight of the lowest peak flows in the concurrent long-term data set were ranked as part of the 10 lowest peak flows in the unadjusted long-term data set ( fig. 4) . Similar conditions exist for the long-term gaging station Johnson Creek at Yellow Pine [ 45 ], where peak flows in the concurrent data set were ranked in the lower half of the unadjusted data set. In fact, no peak flows in the concurrent data set were ranked in the upper 20 percent of the unadjusted data set. This indicates that data in the concurrent period probably were collected during a dry or otherwise unrepresentative period. Therefore, changes to the unadjusted floodfrequency curve for Little Slate Creek (short-term gaging station) also will be large. Differences between the unadjusted and adjusted flood-frequency estimates for Little Slate Creek ranged from 25.1 to 29.5 percent and averaged 27.7 percent (table 3) 
SHORT-TERM GAGING STATION [36] MIDDLE FORK SALMON RIVER AT MIDDLE FORK LODGE NEAR YELLOW PINE AND LONG-TERM GAGING STATION [45] JOHNSON CREEK AT YELLOW PINE SHORT-TERM GAGING STATION [3] LITTLE SLATE CREEK AND LONG-TERM GAGING STATION [8] LITTLE SALMON RIVER AT RIGGINS
List of Variables
N 1 Number of years when peak flows were concurrently recorded for long-term and short-term gaging stations (concurrent period) N 2
Number of years when peak flows were recorded for the long-term gaging station but not recorded for the short-term gaging station (nonconcurrent period) N 3
Number of years of peak-flow data for the short-term gaging station N e Equivalent years of peak-flow data of the adjusted mean Q x Peak flows for the long-term gaging station X Logarithm of peak flows for the long-term gaging station X 1
Mean logarithm of peak flows for the long-term gaging station for the concurrent period X 2
Mean logarithm of peak flows for the long-term gaging station for the nonconcurrent period X 3
Mean logarithm of peak flows for the long-term gaging station for the entire period 14 (1986-92, 1994-96, 1998-2001) N 2 = 34 (1948, 1951-54, 1957-76, 1978-85, 1997) N 3 = 14 (1986-92, 1994-96, 1998-2001 
INTRODUCTION
The procedure outlined herein is recommended for use in adjusting the logarithmic mean and standard deviation of a short record on the basis of a regression analysis with a nearby long-term record.
The theoretical basis for the equations provided herein were developed by Matalas and Jacobs (29).
The first step of the procedure is to correlate observed peak flows for the short record with concurrent observed peak flows for the long record. The regression and correlation coefficients, respectively, can becomputed by the following two equations:
where the terms are defined at the end of this Appendix.
If the correlation coefficient defined by equation 7-2 meets certain criteria, then improved estimates of the short record mean and standard deviation can be made. Both of these statistics can be improved when the variance of that statistic is reduced. As each statistic is evaluated separately, only one adjustment may be worthwhile. The criterion and adjustment procedure for each statistic are discussed separately.
In each discussion, two cases are considered: (1) entire short record contained in the long record, (2) only part of the short record contained in the long record. The steps for case 2 include all of those for case 1 plus an additional one. or 7-5b.
EQUIVALENT YEARS OF RECORD FOR THE MEAN
As illustrated in equations 7-3 and 7-6, the variance of the mean is inversely proportional to the record length at the site. Using equation 7-3 it can be shown that the equivalent years of record, N e , for the adjusted mean is:
It may be seen from equation 7-7 that when there is no correlation (r=O), then N e is less than N l . This indicates that the correlation technique can actually decrease the equivalent years of record unless r satisfies equation 7-4. For perfect correlation (r=l), then N e = N l + N 2 , the total record length at the long record site.
Although N e is actually the equivalent years of record for the mean, it is recommended that N e be used as an estimate of the equivalent years of record for the various exceedance probability floods in the computation of confidence 1imits and in applying the expected probability The right side of the inequality (7-9) represents the minimum critical value of r. If the correlation coefficient satisfies equation 7-9, then the adjusted variance can be computed by equation 7-10:
The adjusted standard deviation S y equals the square root of the adjusted variance in equation 7-10. The third term in brackets in equation 7-10 is an adjustment factor to give an unbiased estimate of S y 2 .
This adjustment is equivalent to adding random noise to each estimated value of slow at the short-term site.
While the adjusted variance from equation 7-10 may be an improved estimate of the variance (standard deviation) obtained from the concurrent period. It may not be an improvement over the entire short record variance (standard deviation) in case 2. It is necessary to compare the variance of the adjusted variance (equation 7-8) 
